Potassium (K) influences the photosynthesis process in a number of ways; However, the 8 mechanism of photosynthetic response to the long-term supply of potassium is not yet clear. 9
1 0 8 exchange was steady, so that each curve was completed in 35-50 min. Corrections for the leakage 1 0 9 of CO 2 in and out of the Li-6400 leaf chamber, as described by Perez-Martin et al. (2009) , were 1 1 0 applied to all gas-exchange data. 1 1 1
The actual photochemical efficiency of photosystem II (Φ PSII ) was determined by measuring 1 1 2 Measurement of mitochondrial respiration rate in the light (Rd) and intercellular CO 2 1 2 4 compensation point (C i *) 1 2 5 R d and C i * were determined according to the method of Laisk (1977) . A-Ci curves were 1 2 6
measured using an open gas-exchange system (Li-6400, Li-Cor Inc.) equipped with an integrated 1 2 7
light source (Li-6400-02) at three different photosynthetically active PPFDs (50, 200 and 500 1 2 8 mmol m −2 s −1 ) at six different CO 2 levels ranging from 300 to 50 mmol CO 2 mol −1 air. The curves 1 2 9
intersected at the point where A is the same at different PPFDs; therefore, A at that point represents 1 3 0 
where A, C i , R d and J were determined as previously described for each treatment. Gallé et al. 2009), a minor modification was adopted when calculating B L using J instead of V c,max 1 5 5 (Gallé et al. 2009 ). Relative changes in light-saturated assimilation are expressed in terms of 1 5 6
relative changes in stomatal, mesophyll conductance and biochemical capacity as showed in Eqn 1 5 7 6:
where l s , l mc and l b are the corresponding relative limitations calculated as Eqns 7-9 and g sc is 1 6 0 stomatal conductance to CO 2 (gs/1.6).
Where the gtot is the total conductance to CO 2 from the leaf surface to carboxylation sites 1 6 5 determined in Eqn 10. 
Then, the relative change of A, g sc , g m and J in Eqn 6 can be approximated by the following (Chen 1 6 9 et al. 2013):
are the reference values. Reference maximum values of net 1 7 5 CO 2 assimilation rate, stomatal and mesophyll conductance and the rate of electron transport were 1 7 6 obtained in +K treatments; therefore, its parameters were defined as standard. 1 7 7
Statistical analysis 1 7 8
Descriptive statistical analyses were used for the obtained parameters to assess the range of 1 7 9 variability and standard error (SE). All data were subjected to a two-way analysis of variance 1 8 0 (ANOVA) with SPSS 18.0 software (SPSS, Chicago, IL, USA). The difference between mean 1 8 1 values was compared using Duncan's multiple range test at P < 0.05. Graphics and regression 1 8 2 analysis were performed using the GraphPad Prism 7.0 software (GraphPad, San Diego, CA). 1 8 3
Results 1 8 4
The leaf potassium (K) concentration (%), net CO 2 assimilation rate (A N ) and chloroplastic 1 8 5 CO 2 concentrations (C C ) of daily potassium supplied plants (control) remained mostly unchanged 1 8 6 throughout the experiment ( Fig. 1a ,b,d,e), but, slightly different between species, Pecan had a little 1 8 7 larger K and C C but lower AN compared with Hickory. After withholding potassium from plants, 1 8 8 K and A N decreased progressively in two treatment (K0 and K2), reaching minimum values of 0.5% 1 8 9 and < 5 μ mol CO 2 m -2 s -1 , respectively, while C C increased in both two cultivars, with similar 1 9 0 trends during severe potassium stress ( Fig. 3 ). Compare with K0 treatment, K, A N and C C of K2 1 9 1 recovered more quickly and closer to K5 (control, daily potassium supplied) throughout the 1 9 2 recovery period of potassium supply. K, A N of K2 rose 41.24% and 26.98% after restoring 1 9 3 potassium supply 7 days after in Pecan, which were significantly larger than those (18.92% and 1 9 4 16.16%) in Hickory. 1 9 5 1 9 6 Fig.1 . Leaf potassium percentage (%) of dry weight (K), net CO 2 assimilation rate (A N ), 1 9 7 chloroplastic CO 2 concentrations (C C ) of Pecan and Hickory as affected by different K levels 1 9 8 during seedling stage. The vertical dashed lines indicate the beginning of the beginning of 1 9 9 recovering potassium supply. Data points represent means and standard errors of at least four 2 0 0 replicates. The width of green, purple and red ribbons is the standard deviation. 2 0 1 2 0 2 After withholding potassium from plants, Mesophy conductance for CO 2 (g m ), stomatal 2 0 3 conductance for CO 2 (g s ), electron transport rate (J) and maximum velocity of carboxylation 2 0 4 (V c,max ) decreased progressively in all treatments of Pecan and Hickory, reaching minimum values 2 0 5 of 0.0265 mol CO 2 ·m -2 ·s -1 , 0.0457 mol·m -2 ·s -1 , 99.94μmol e -1 ·m -2 ·s -1 and 47.5904μmol CO 2 ·m -2 ·s -1 2 0 6 after severe potassium stress for 80d, respectively. After recovering potassium supply, the large 2 0 7 restoration of g m , g s , J and V c,max were observed in the K0 and K2 treatments in two cultivations. 2 0 8
The gm of K0 and K2 recovered 55.16% and 71.54% to control values (0.09684 mol CO 2 ·m -2 ·s -1 ) 2 0 9 of Pecan ( Fig. 2a ), respectively; gm of K0 and K2 recovered 55.65% and 81.93% to control values 2 1 0 (0.09938 mol CO 2 ·m -2 ·s -1 ) of Hickory (Fig. 2b) , respectively; gs recovered 76.80% and 90.64% to 2 1 1 control values (0.1082 mol·m -2 ·s -1 ) of Hickory (Fig. 2f) respectively, which were nearly 10 2 1 2 percentage points more than of Pecan. The restoration of J and V c,max under both K0 and K2 2 1 3 treatments were reached to control values after recovering potassium supply for 40d ( Fig. 2c, d , g 2 1 4 h), respectively. However, slightly different levels of recovery time of g m g s and V c,max were 2 1 5 observed in K2 treatments, with the three photosynthetic parameters show faster recovery speed 2 1 6 after recovering potassium supply. Under K5 treatment, g m , g s , J and V c,max of Pecan and Hickory 2 1 7 almost unaltered throughout the experiment, while those photosynthetic parameters of Hickory 2 1 8 were slightly larger than Pecan. When plotting all K content (consisting all of K5, K2 and K0 under potassium stress and 2 2 9 recover, respectively) against the corresponding calculated A N , J, g s and g m , highly significant 2 3 0 positive correlation relationships were obtained pooling potassium supply and potassium stress 2 3 1 data together, although two different functions were derived for the Pecan and Hickory (Fig. 3a-d) . 2 3 2 In these four figures, slightly steep slope was determined for the Pecan data set, however, less 2 3 3 clear difference was observed between two cultivars. Moreover, K content on A N , J, g s and g m 2 3 4 values resulted in almost similar slopes of linear regression for both two cultivars, respectively. 2 3 5 2 3 6 Fig.3 . The relationships between leaf potassium percentage(%) of dry weight (K) and net CO 2 2 3 7 assimilation rate (A N ), electron transport rates (J), stomatal conductance for CO 2 (g s ) and 2 3 8 mesophy conductance for CO 2 (g m ) derived from data of the whole experimental periods. Circles 2 3 9 and diamonds denote Pecan and Hickory data, respectively. Data points represent means and 2 4 0 standard errors of at least four replicates. 2 4 1 2 4 2
The A N correlated negatively with chloroplastic CO 2 concentrations (C C ), while, A N in 2 4 3 Hickory was slightly higher Pecan. When plotting all A N (consisting all of K5, K2 and K0 under 2 4 4 potassium stress and recover potassium, respectively against the corresponding calculated J and 2 4 5 gm, highly significant positive correlation relationships were obtained pooling potassium supply 2 4 6 and potassium stress data together, although two different functions were derived for the Pecan 2 4 7 and Hickory (Fig. 4b,c ).In addition, A N on J and gm values resulted in almost similar slopes of 2 4 8 linear regression for both two cultivars, respectively. 2 5 0 Fig.4 . The relationships between leaf potassium percentage (%) of dry weight (K) and net CO 2 2 5 1 assimilation rate (A N ), electron transport rates (J), stomatal conductance for CO 2 (g s ) and 2 5 2 mesophy conductance for CO 2 (g m ) derived from data of the whole experimental periods. Circles 2 5 3 and diamonds denote Pecan and Hickory data, respectively. Data points represent means and 2 5 4 standard errors of at least four replicates. 2 5 5 When analyzing the effects of potassium on photosynthesis different indicators of stress 2 5 6 intensity can be used. In order to enhance the comparability of our data with other experiment, we, 2 5 7 therefore expressed relative limitations in terms of both of both K (% of dry weight) ( Fig. 5 )and 2 5 8 day of experiment (Fig. 6) .what the stress index adopted, small differences between Pecan and 2 5 9
Hickory. With increasing potassium stress intensity MC L , B L and S L increased significantly, and, 2 6 0 the increase rate of MC L is greater than that of B L and S L . At mild-to-moderate potassium stress 2 6 1 levels (corresponding to values of K >0.9% of dry weight), about half of the decline in A N was 2 6 2 attributable to mesophy resistance. 2 6 3 2 6 4 Fig.5 . The relationships between photosynthetic limitations and leaf potassium percentage (%) of 2 6 5 dry weight (K) of Pecan (a) and Hickory (b).S L MC L B L denote stomatal, mesophy conductance 2 6 6 and biochemical limitation respectively. Each point in the same shape represents a calculation (42 2 6 7 values were calculated for each limitation) 2 6 8 2 6 9
Quantitative limitation analysis of photosynthesis underlined the above-described changes 2 7 0 during potassium stress and recovery after subsequent recover potassium. In all three experiments, 2 7 1 MC L play a major role of the total limitation under severe potassium stress. In K0 and K2 2 7 2 treatments, MC L made up >40% and >50% of the total limitation under severe potassium stress in 2 7 3 Pecan and Hickory, while S L accounted for only up to 20%. Furthermore, B L did not exceed 10% 2 7 4 of the total limitation. As already observed for the A N , g s , and gm data during stress and recovery, 2 7 5 almost no limitation of S L and B L during potassium stress and after recover potassium (Fig. 6c,f ). 2 7 6 Limitation of photosynthetic recovery of the K0 and K2 plants was mainly driven by a still high 2 7 7 MC L and somewhat lower S L and B L (Fig. 5a, b, d, e ).The delayed recovery of photosynthesis in 2 7 8 the K0 plants was mainly due to a maintained high proportion of MCL and SL (Fig. 5d ) during 2 7 9 several days of recover potassium (Fig. 6a, d) , while SL contributed only partially to the total 2 8 0 limitation in the initial phase of re-watering. The recovery of photosynthesis in the K2 plants is 2 8 1 due to a rapidly decreasing MCL during the recover potassium period, while SL is nearly equaled 2 8 2 MCL in the later phase of recover potassium (Fig. 6b, e In the present study, the same experimental design was applied to Brassica napus under four 2 9 2 different potassium treatments, followed by a potassium stress period and a recover after recover 2 9 3 potassium. The most important difference between the four potassium treatments was observed: 2 9 4 the rate of photosynthetic recovery was the slowest under K0 treatment and the quickest under K2 2 9 5 treatment of Pecan. Then, extremely low photosynthetic limitation in plant leaves of Pecan and 2 9 6 Hickory under K5 treatment. A positive relationship between K supply and A N had reported in 2 9 7 numerous previous studies. However, photosynthesis rates may not have changed as a response to 2 9 8 K treatment due to relatively higher leaf K concentration, which were far more than the values 2 9 9 (1.04% and 1.28 % of dry weight) proposed by Gierth (2007)and Zhifeng Lu (2016) 2014; erel et al. 2015) . And the results of quantitative analysis revealed that the three 3 1 9 components contributing to total photosynthetic limitation, namely, S L , MC L , and B L varied at 3 2 0 varying K concentrations. The decline of P n with the decrease of potassium concentration in 3 2 1 leaves, while all of S L , B L and MC L were decreased, B L was markedly lower and MC L was higher, 3 2 2 especially at lower treatment in both cultivars (Fig. 6 ). This can be attributed to prioritization of 3 2 3 allocation of excess K to the cytosol for metabolic activity rather than to reduce the transmission 3 2 4 resistance of CO 2 in the chloroplast. (Reich et al., 1997; Pettigrew 1999; Zhao et al., 2001 ; 3 2 5 Battie-Laclau et al., 2013; Tomás et al., 2016) . Then our quantitative limitation analysis showed 3 2 6 that SL was always higher than B L under three treatments in both species. This pattern of response 3 2 7 is consistent with that decried by other authors ( Although several studies have reported that stomatal closure (S L ) plays by far the main 3 2 9 role in the decline of photosynthesis, even at rather severe levels of potassium stress (Bednarz
